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Article Info ABSTRACT
Article type: Background and Objectives: Chromium (Cr) is a toxic metal usually
Full Length Research Paper  found in many regions and countries, because of excessive discharge of
Cr-containing effluents resulting from industrial and agricultural activities.
) ) In higher plants, Cr is not essential to plant growth. Exposure to Cr may
Article history: . . —_ . . g
Received: 06.25.2022 cause t|s_sue necrosis and limit chlorophyll _productlon. In _partlcular, |t_ is
Revised: 07.23.2022 usually involved in electron transfer and induce production of reactive
Accepted: 03.07.2023 oxygen species (ROS) e.g., hydroxyl radicals and superoxide radicals,
resulting in oxidative stresses and damages to plant cells and tissues.
Symbiosis fungi significantly accelerate plant growth by improving water

Keywords: and nutrient uptake, early flowering, seed production and greater
Chromium toxicity, photosynthetic rate. These fungi change the production of secondary
Lettuce, metabolites and enhance adaptation and tolerance to biotic and abiotic
Mycorrhiza, stresses. This study aimed to investigate the role of mycorrhizal and

Soilless system endophytic fungi (Glomus intradises and P. indica) as possible tools to

reduce the phytotoxicity of Cr.

Materials and Methods: In order to evaluate the effect of different
concentrations of Cr (0, 3 and 15 mg L™), and symbiotic fungi on growth
and physiological properties of lettuce (Lactuca sativa cv. Little Jem), an
experiment was carried out as factorial split plot based on Completely
randomized design with four replications as soilless system at research
greenhouse of University of Mohaghegh Ardabili, in 2021. In this
experiment Cr and nitrogen content, root colonization, root and shoot dry
weight, leaf number, stem and leaf dry and fresh weight, chlorophyll and
carotenoid content, stomatal conductance, electrolyte leakage, ascorbate
peroxidase and catalase activities, hydrogen peroxide and were measured.

Results: The results showed that by increasing the concentration of Cr
from 0 to 15 mg L™ in the nutrient solution, the root symbiosis percentage
decreased by 20%, root dry weight by 11.7%, shoot dry weight by 12.9%
and soluble protein by 10.3%. The symbiosis of lettuce roots with
symbiotic fungi significantly increased root and shoot dry weight, leaf
number and soluble protein compared to non-inoculated plants. Plants
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inoculated with symbiotic fungi P. indica and G. intradises were able to
reduce the negative effects of Cr toxicity by reducing Cr absorption and
increasing the percentage of symbiosis, nitrogen content, chlorophyll
content, ascorbate peroxidase activity and hydrogen peroxide.

Conclusion: The results show that with increasing the concentration of Cr
in the nutrient solution, lettuce growth decreased and the use of symbiotic
fungi could improve the physiological and biochemical characteristics of
lettuce under Cr stress.
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Table 2. Comparison of the mean of interaction effects of different concentrations of chromium and symbiotic
fungi on growth and physiological properties of lettuce.

A58 b Jss s a sk G e poS N “’%
(mg g'FW) (mg g''FW) (mg g'FW) (Ao 3) el Chron_”llium Symbiosis fungi Chrom|-111m
Carotenoid ~ Chlorophyllb  Chlorophylla  Rgot coloniation (M9 kg™ DW) (mgL™)

0.243 0.204 ® 0.296 % 0¢ 0¢ Jals

0295° 0257° 0560 ™ 82.2° 0° P. indica

0.291 0.228 ™ 0550 785%® 0° Mycoriza °

0420° 0.399°* 0.780° 81.0° 0° P. indicax Mycoriza

0.219 ¢ 0.186°¢ 0242 % I 4.409 Jals

0.292 % 0255 0549 % 73.0™ 3.31¢ P. indica
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0302° 0209 * 0.446° 64.2¢ 19.53° P. indicax Mycoriza
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Means with at least one similar letter have no significant difference at 5% of probability level based on Duncan's multiple

range test
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Table 3. Comparison of the mean of interaction effects of different concentrations of chromium and symbiotic
fungi on growth and physiological properties of lettuce.

Sy S s Sl Colda

STy Sl Sl Oisoded Sy o o 5 £25
(Umin™mg pr) (U min *mg pro) (422) (mmol m™ s e Chromium
Ascorbat id Hydrogen Electrolyte Stomatal Symbiosis fungi (mg L™
Scorbate peroxidase peroxide leakage conductance
0212 ¢ 0.095 ¢ 2172 28975 aals
0.270 @ 0.0881 2137° 39525% P. indica
0
0.269 0.094 ¢ 2142° 33450 Mycoriza
0.206 0.094°¢ 2157° 32.300"° P. indicax Mycoriza
0320 © 0.101°¢ 2627° 27850 f dals
0380 ° 0.095 ¢ 2307 34075° P. indica
3
0314 0.100 © 2193 31775 ¢ Mycoriza
0548° 0.097 2295 29.025 P. indicax Mycoriza
0583° 0.122° 2822° 22200¢ sl
0.814° 0.107° 2392° 33.075 > P. indica
15
0587" 0107° 2248 30.950 % Mycoriza
0.793° 0.105 ™ 2320 27900 f P. indicax Mycoriza
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Means with at least one similar letter have no significant difference at 5% of probability level based on Duncan's multiple
range test
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Table 4. Comparison of the mean simple effect of different concentrations of chromium on lettuce properties.

C;talase F:;:t:ﬁ S sl = - ~ 25
Y S | [BY] R
Umin'mgpr)  (mgg'Fw) Leafnumber () ) olon el (mg ™)
9p 99 Root dry weight (g)  Dry weight of shoot (g)
0.102° 0.347° 31942 188° 749° 0
0.113° 0327° 3081° 1832 7.23° 3
0.128°2 0311° 29.38° 166" 652° 15
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Means with at least one similar letter have no significant difference at 5% of probability level based on Duncan's multiple
range test
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Table 5. Comparison of the mean simple effect of symbiotic fungi on lettuce properties.

Ve s Syl o SEE 05 clsp ¢l S 05
Catalase Protein Leaf %) (59)
.1 -1
Umin“mgpr)  (mgg=FW)  number  Root dry weight (g)  Dry weight of shoot (g)

Syt G)G
Fungus coexist

0104° 0295° 2925° 1.70° 603" aals

0.106" 0.344° 31.17° 187° 772° P. indica
0123° 0349 ° 3217° 186° 721° Mycoriza
0125° 0326° 30.25° 175° 737° P. indicax Mycoriza
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Means with at least one similar letter have no significant difference at 5% of probability level based on Duncan's multiple

range test
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